In this study, a simple and effective technique for establishing an external mass transfer model in a recirculated packed-bed batch reactor (RPBBR) with an immobilized lipase enzyme and Jatropha oil system is presented. The external mass transfer effect can be represented with a model in the form of Colburn factor
Introduction
Lipases are one of the most significant enzymes that have been investigated for use in organic synthesis. Lipases can be used to modify lipid to produce synthetic lipids for various industrial applications. Lipase also has been used as biocatalyst for variety of other reactions such as hydrolysis of fats, synthesis of esters and glycerides. However, free lipase is not always sufficiently stable under operational condition and it is costly for one time usage. Thus, enzymes immobilization is introduced. Immobilization helps in elimination of enzyme recovery and purification process. Immobilized enzyme also can prevent protein contamination of the final product. Furthermore, immobilization helps to maintain constant environmental conditions so that it can protects the enzymes against changes in pH or temperature.
In this research, external mass transfer model of the system of immobilized lipase in Jatropha oil will be established. This model is important in designing an immobilized enzyme reactor as mass transfer limitation is one of the major concerns in utilization of immobilized lipase enzyme for industrial purposes [1] . Reactor design factors such as reactor types, size and operating conditions can be influenced by the external mass transfer in immobilized enzyme systems. In detail, for enzymatic reactions, the components from the bulk phase must be transferred to the catalytic surface and react on it. The rate-limiting step of the process can be the chemical reaction, but more frequently it will corresponds to transfer of the component to the catalyst surface. For this reason, the reactor size can be dictated by the mass-transfer processes rather than the kinetic processes. This fact alone justifies the importance of developing the mass transfer coefficient of the system. Understanding the model can also assist in controlling the global rate of a chemical process that takes place in the reactor.
Development of External Mass Transfer Model
The external mass transfer model in the system of immobilized lipase enzyme in Jatropha oil will be established and the methodology is adapted from different journals [1] . A few assumptions are made as follows:  The reaction follows a first-order rate.  The reaction in a steady state condition.  The flow in packed bed column is plug flow and has no axial dispersion.  The immobilized enzyme particles are spherical.  The enzyme activity throughout the particle is uniform.
Apparent Reaction Rate
The material balance for Jatropha oil (substrate) in the packed bed column is as follows:
where r is the reaction rate (mgg
), Q is the volumetric flow rate (mlmin
), H is the height of the column (cm), W is the total amount of immobilized enzyme particles (g), and dC/dz is the concentration gradient along the column length (mgl
). Assuming first-order kinetics, the reaction rate can be written in terms of bulk substrate concentration:
where k p is the apparent first-order reaction rate constant (lg
) or the observed reaction rate constant and C is the bulk substrate concentration (mgl −1 ). For the boundary conditions 1 and 2, below: Boundary condition 1: at Z = 0 of C = C in and Boundary condition 2: at Z = H of C = C out Equation (2) can be solved as follows:
where C in is the column inlet substrate (Jatropha oil) concentration (mgl
) and C out is the column outlet substrate (Jatropha oil) concentration (mgl −1 ). The concentration at the outlet of the packed-bed is therefore can be written as:
with N defined as
Since a recycling system is involved, the inlet conc entration to the column changes for every cycle. Ther efore, an overall mass balance for an RPBBR is as fol lows:
where V is the volume of the reacting solution in the reservoir (ml). The component balance in the reservoir gives
where  is the residence time (min) in the reservoir (V/Q), C 1 is the concentration of Jatropha oil (mgl ) at the outlet of the packed-bed column to be circulated back to the reservoir.
Based on Equation (4), C 2 can be defined as follows:
Combination of Equations (7) and (8) will give
Integrating Equation (9) using boundary conditions of V = V res and C 1 = C 0 when t = 0 gives the change of Jatropha oil concentration in the reservoir with time as
Based on Equation (10), a plot of ln (C 1 /C 0 ) versus time will give a slope term as follows:
Combination of Mass Transfer and Biochemical
Reaction There are regions near the surface of the packing media where the fluid velocity is very low when fluid flows through a packed bed. In such regions around the exterior of packing media, the substrate transport takes place primarily by molecular diffusion.
The observed reaction rate can be significantly decreased by the external film diffusion since the rate may be very slow. The local rate of film diffusion of the Jatropha oil from the bulk fluid to the outer surface of the immobilized beads is influenced by the external mass transfer coefficient, the area for external mass transfer and the driving force for mass transfer (i.e. concentration difference between the bulk and the external surface of the immobilized bead). 
 
With d p as the particle diameter (cm) and ρ p the particle density (mgcm −3 ). The first-order biochemical reaction rate of immobilized beads can be written as:
k is the "surface" first-order reaction rate constant (lg
) which takes into account both the effective internal mass transfer and the intrinsic reaction.
The effective internal mass transfer coefficient can be assumed constant at low substrate concentration. As the substrate concentrations used in this study were low, Equation (14) is valid throughout this study [1] .
At steady state, the rates of external mass transfer and overall substrate utilization by the particle will be the same; Equations (12) and (14) are equated and rearranged to give
Substituting Equation (15) into (14) and equating with p , the effects of external mass transfer on the apparent reaction rate constant, k p is shown as follow:
Empirical Model
The value of k is constant as far as this particular reaction is concerned and is independent of the operating parameters such as the mass flow rate and the scale of the system. However, the external mass transfer coefficient, k m changes with parameters such as flow rate, reactor diameter and fluid properties. This in turn changes the apparent reaction rate. Therefore, the external mass transfer coefficient (k m ) can be expressed in terms of operational parameters and the properties on the fluid by the dimensionless group:
Re
where J D is the Colburn factor and Re is the Reynolds number. The symbols μ, ρ and D f are the fluid viscosity (gcm
), density (gml
) and diffusivity (cmmin
), respectively. The value of n depends on the mass transfer conditions and varies from 0.1 to 1.0 depending on the flow characteristics.
G is the mass flux (gcm
) and it can be calculated using Equation (19) as follows:
where Q is the volumetric flow rate (mlmin
), a c is the cross-sectional area of column (cm 2 ) and ε is the void fraction in a packed-bed.
Equating Equation (18), the external mass transfer coefficient can be expressed as:
where
By substituting Equation (21) into Equation (17):
The plot 1/k p vs 1/G n for different values of n yields straight lines with slope (1/Aa m ) and intercept (1/k). The calculated values of A and k from the graph are then used to get the values of k m (using Equation. (21)) and an estimated k p (using Equation (17)). A trial-and-error procedure is repeated for all n values until the estimated value of k p matches well with the experimental k p [1] [2] [3] .
Materials and Method

Materials
The non-edible crude Jatropha oil is produced in laboratory using solvent extraction method and it is stored at low temperature to avoid rancidity of the vegetable oil. Pseudomonas cepacia lipase is obtained from Amano Enzyme (Japan) where it is used throughout the experiment. Biopolymer materials such as carrageenan and sodium alginate powder are purchased from FMC Biopolymer (USA). N-Hexane is of analytical grade and is purchased from Fisher Scientific (USA).
Extraction of Jatropha Oil from Jatropha
Seed 100 g of Jatropha seed is dried and the shells of the seeds are removed. The seed are then ground to fine powder to increase the efficiency of oil extraction using n-hexane. The Jatropha powder is taken into extractor column. Solvent n-hexane is filled in the solvent vessel. The extraction is done at temperature of 110˚C -130˚C for 5 -7 hours. After extraction completed, the round bottom flask containing n-hexane and extracted Jatropha oil is transferred to rotary evaporator to further evaporate the solvent. The final extracted Jatropha oil is inserted in air-tight bottle which is covered by aluminum foil and kept in the refrigerator to prevent Jatropha oil from deterioration by temperature, sunlight and presence of air. The recovered n-hexane solvent may be reused for subsequent extractions to prevent wastage [4] .
Entrapment of Lipase in Calcium Alginate Beads
1g lipase powder/ml phosphate buffer pH 7 is mixed with 100 ml sodium alginate solution (1% -2%, w/v). The mixture is stirred thoroughly to ensure complete mixing. As soon as the mixed solution dripped into 2% of CaCl 2 solution with a syringe, calcium-alginate beads are formed. The CaCl 2 solution is constantly stirred with magnetic stirrer to avoid sticking between the dropped beads. The bead size can be changed by using syringes with different needle diameters. After 20 min of hardening, the beads are separated from the CaCl 2 solution and are stored at temperature below 4˚C to minimize enzyme leakage.
Entrapment of Lipase in k-Carrageenan Beads
1 g lipase powder/ml phosphate buffer pH 7 will be mixed in 100 ml κ-carrageenan solution (1% -2%, w/v). The mixture will be stirred thoroughly to ensure complete mixing. During the mixing, the mixture should be maintained at 35˚C -40˚C to prevent early hardening of k-carrageenan solution. As soon as the mixed solution dripped into 2% of KCl solution with a syringe, the beads will formed. The bead size can be changed by using syringes with different needle diameters. After 20 min of hardening, the beads will be separated from the KCl solution and are stored at temperature below 4˚C to minimize enzyme leakage [5] .
Entrapment Efficiency
The samples are mixed well and 1.0 ml of the samples is transferred to a 10 ml glass tube. 1.4 ml of Lowry solution is added to the tubes. The tubes are capped and mixed. All the tubes are incubated for 20 minutes at room temperature in dark. The diluted Folin reagent is prepared. After 20 minutes of incubation, the samples are added 0.2 ml of diluted Folinreagent to each tube. Again, the samples are mixed and incubated for more than 30 minutes at room temperature in dark. After 30 minutes, the samples are transferred to semi-micro disposable cuvettes and tested by vis-spectrophotometer at 600 nm [6] .
Hydrolysis of Jatropha Oil in RPBBR
The batch stirred-tank reactor is heated with heater and is stirred using a magnetic stirrer. A peristaltic pump was installed in batch reactor to form a recirculated packedbed batch reactor (RPBBR) as shown at Figure 1 . The reaction mixture is prepared in proportion of 15 ml of Jatropha oil, 24 ml of n-hexane, 1.2 ml of water. The mixture is incubated at 40˚C and stirred at 200 rpm. Immobilized lipase is packed into jacketed column. Samples are taken at different time intervals and analyzed for fatty acids.
Chemical Titration for Fatty Acid Concentration
1 g sample of oil is dissolved into about 20 ml of mixture 
Results and Discussion
Solvent Extraction of Jatropha Seed
From 100 g of seed, approximately 70 to 75 ml of oil will be extracted. For the extracted oil, the oil will be kept in refrigerator and away from sunlight to prevent further reaction.
Capsule Size of Entrapped Lipase
The air-dried calcium alginate beads and k-carrageenan beads with immobilized lipase are almost spherical in shape. The average diameter of calcium alginate bead and k-carrageenan beads are 0.3 cm.
Surface Morphologies of Entrapped Lipase
As can be observed from the SEM diagram, the two different biopolymer materials used show a different structure on the surface of the beads which may caused by the different cross linking that took place in respective beads. From observation, there are white spherical dots located at everywhere of the beads for both parameters (k-carrageenan and calcium alginate). They are presumed as the lipase enzyme. 
Entr
The entrapment efficiencies of respective mixture were that there is loss of enzymes. This w agitation in collection flask may ca apment Efficiency determined in terms of protein coupling. From data in Table 1 , the entrapment efficiencies were found to be 87.25% and 67.45% for calcium alginate and k-carrageenan respectively.
This studies show as confirmed by the protein assay performed on the aqueous phase (hardening solution). Some of the possible reasons are the difference of structure of respective biopolymer material.
Besides, presence of use the loss of enzyme. .
Establishment of External Mass Transfer 3 Model
T pha oil in the recirculated packed-bed batch reactor at various flow rates. It can be observed that the concentration of fatty acid with respect with time is in increasing trend for both parameters. This shows that the hydrolysis of triglycerides took place. Different increment of fatty acid concentration is due to the different flow rate applied. From id, ln C 1 /C 0 as a function of time at different flow rates is plotted and is shown in Figures 7 and 8 .
The slope of each line was determined an late the value of N for respective flow rate. The value of k p , the observed first-order re nstant, was obtained for each flow rate based on N value. The calculated values of k p are listed in Table 2 . For both parameter, it can be observed that as flow rateincreases, the value of k p decrease. This trend is possi- e rate [8] , which affect the diffusion of solute to pores of particle and may have increase short circuiting inside the reactor. The trend low residence time at high flow rate can be observed at Table 2 .
Referring to Equation (23 lly measurable quantity of 1/k p against 1/G n should yield a straight line of slope 1/A a m and intercept 1/k with values of n ranging from 0.1 to 1.0. This range of lu Colburn-Chilton factor that have been presented in the literature [1] .
A few plots o 3, 0.6 and 1.0) are shown in Figure 9 . It was found that all values of n show a similar trend; with increasing 1/G n value, the 1/k p value is decreasing.
All n values were analyzed furt lue of n that gives the best film diffusional model in predicting mass transfer limitations. Using the slope and intercept of each plot, the values of k and A were calculated. With Equation (21), the value of k m at each flow rate was estimated. Based on the calculated k and k m , a value of k p was recalculated and was compared with the k p found experimentally.
The most satisfactory hich provides the closest k p as compared to the experimental results would be by using the calculation of normalized percent deviation. The percent deviation of the calculated values and the experimental results for all flow rates for parameter calcium alginate are shown in Table 3 for n = 0.1, 0.3, 0.6 and 1.0. According to Table  3 , model having an exponent of 0.6 has the lowest normalized percent deviation which is 0.036%. Therefore, a model having an exponent o ovide satisfactory predictions of the external mass transfer coefficients in immobilized lipase system for parameter alginate. Steps are repeated for parameter k-carrageenan and it was found the most satisfactory n value is 0.7 with normalized percent deviation of 0.0043% as shown in Table 4 . ally the external mass transfer rate and the difference of substrate concentrate is in decreasing trend. This can be explain due to low retention time (proven by experimental data) with increase of flow rate, the external mass transfer is slowed down and reduced the external mass transfer rate. In other words, diffusion limitation is predominant in the external film of the immobilized beads. Thus, for higher flow rate, the mass transfer at the external film is slower and caused the concentration difference between surface and bulk liquid to be lower.
sign and simulation of a bioreactor performance. Usage of enzymes in industrial applications are gaining popularity due to the milder operating condition, lesser undesirable side products, better wastewater qualities and other advantages. However, usage of free enzyme is not economical feasible. Immobilization of enzyme will not only increase stability of enzyme, also encourage enzyme recycle thus reduce production cost. Selection of suitable immobilization matrix is important to ensure effective usage of enzyme and sustainability.
In this study, two biopolymer material; alginate and kcarrageenan are investigated in term of entrap 4 ency and external mass transfer. Alginate shows a higher value which is 87.25% than k-carrageenan; 67.45% A 
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